The analyse of the influence of the electric stiffening on the frequency-temperature characteristics of the fundamental and third harmonic of the thickness-shear mode of AT-cut quartz plates vibration.
INTRODUCTION
As it is known a slightly different frequcncy-temperature characteristics are obtained when the AT-cut quartz plates are measured at the fundamental and the higher harmonic of the thickness-shear vibration. The change of the characteristic is caused by the different boundary and electric conditions of the plate. The aim of the present paper is to analyse the influence of these different conditions and more precise express them.
The AT-cut thin quartz plates bounded in the X-axis direction are the subject of the analysis. By the derivation of the equations of motion of the plate coupled thickness-length, face-shear, fundamental and third harmonic of the thickness-shear in the length direction, second thickness-shear in the width direction, thickness stretch in the length direction and flexure vibrations near the fundamental and third harmonic are considered similarly as in Mindlin's paper [l] . The Mindlin's description is expanded by the influence of the temperature dependence of the elastic constants of the plate. The two-dimensional approximation theory derived by Lee and Nikodem [2] is used by the description of the plate vibrations Incremental field derived by Lee and published by Lee and Yong [3] and Wang [4] is utilized by the frequency-temperature analysis. The theory supposes that the vibrations with a small amplitude are superposed on the large deformation of the plate caused by the change of the temperature. By the derivation of the equations of motion the piezoelectric properties of the plate are neglected but they are considered by the electric stiffening of the plate.
The results of the theoretical analysis of the frequencytemperature characteristics of the fundamental and third harmonic of the thickness-shear mode of AT-cut quartz plates are compared with the measured characteristics of the AT-cut quartz plates with the fundamental thicknessshear resonance frequency 16.385 MHz.
TWO-DIMENSIONAL EQUATIONS OF MOTION OF THE HOMOGENEOUS DEFORMATED PLATE
Consider a thin quartz plate with the center in the origin of the orthogonal system of axis .vI. S: and .r3 with the .vl axis identical with digonal axis (X-axis) of the quartz. The thickness and length of the plate are 2b and 2n respectively. On the main surface of the plate at x2=f17 the conducting electrodes are deposited. The density and the thickness of electrodes are 2b' and p'. respectively. The outside plain of the electrodes and the edges of the plate at .v,=&z are stress-free.
As in Mindlin's paper we consider only modes of vibrations which arc antisymmetric to the coordinates xI and x2 and independent on .v3.
When the theory of the incremental field described by Lee and Yong [3] is applied on the two-dimensional equations of motion derived by Lee, Syngellakis and Hou [ 5 ] and only above given modes of vibration are considered and the piezoelectric properties of the plate are neglected then the set of the stress equations of motion of the unplated quartz crystal plate can be obtained in the form 
Substitute from (3) to (1) to produce a set of six simultaneous homogenies linear algebraic equations in the six amplitudes of (3) where where S, and G, are Kronecker delta and n-th order thermal expansion coefficient, respectively and 0 is the temperature increment (0 = T -To) with respect to the nominal temperature To.
INFLUENCE OF THE ELECTRIC STIFFENING TEMPERATURE CHARACTERISTIC OF THE PLATE ON THE FREQUENCY-
Analyses of free vibrations of a thickness-mode piezoelectric resonator with short-circuited electrodes indicate that the fundamental and overtone resonance frequencies are not related as a simple integral multioes. The relation depends on the electromechanical coupling factor. For a resonator with a small electromechanical coupling factor and the thickness 2b we can describe the resonance frequencies of the fundamental and third harmonics of the thickness-shear mode by the relations given by Tiersten Similarly as in [4] the frequency-temperature dependence and the frequency-temperature coefficients of the considered fundamental and third harmonic of the thickness shear vibrations of the plate were computed. It follows from the computated values that the resonance of bouth groups of the measured plates are given in Fig.  1 and Fig. 2 . From the measured values computed frequency-temperature coefficients are given in Table 1 h .
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